This research presents a study of environmental monitoring at different sampling sites from the Metropolitan Area of the Valley of Toluca (MAVT), Mexico, using mosses (Leskea angustata (Tayl.) and Fabronia ciliaris (Brid.)) and soil samples. The epiphytic mosses and soils were sampled in two campaigns within two periods of the year, a rainy and dry-cold season. The selected sampling sites included urban regions (UR), transitional regions (TR), and protected natural areas (PA). The samples were analyzed by the Instrumental Neutron Activation Analysis (INAA) to determine As, Cr, Hg, and Se principally. However, due to the versatility of the analytic technique used, other elements including Cs, Co, Sc, Sb, Rb, Ce, La, Eu, and Yb were also detected. Statistical analysis (As, Cr, Hg, and Se) was carried out with principal components and cluster analysis methods; this revealed that a good correlation exists between metal content in mosses and the degree of pollution in the areas sampled. The obtained results in mosses showed that the concentrations of As, Cr, Co, Cs, Rb, Ce, La, and Yb increased with respect to the concentrations obtained during the first sampling, whereas Se, Sc, Sb and Eu, concentrations were decreased. For As and Hg, the concentrations were similar in both sampling periods. The soil samples present the most significant concentration.
Introduction
The Metropolitan Area of the Valley of Toluca (MAVT) is located in the central area of the State of Mexico and is comprised of seven municipalities with a population of about 1.8 million. It is the most industrialized region of Mexico with different areas of industry (tanneries, electroplating, textile, and kraft pulp bleaching) and also the significant amount of traffic [1] , resulting in the emission of various pollutants into the atmosphere. Currently the deposition levels of metals including As, Cr, Hg, and Se from the atmosphere to the biosphere may be significantly increased as a result of the anthropogenic input of fossil fuels, dust from agriculture, industry and metallurgy, or natural sources. Due to the diversity of their habitats, their structural simplicity, and rapid rate of multiplication, some mosses may be useful tools for prospective studies to determine environmental conditions and are ideal organisms for studying deposition of pollutants from the atmosphere to vegetation [2] . Mosses are found in many different environments and considered as indicators of elemental pollution [3] . Several previous studies have used plants and mosses as biomonitors because they facilitate the measurement of pollutant deposition [4] . The diversity of mosses depends on the weather and substrate where they develop [5] and the factors limiting their distribution are essentially water, temperature, and altitude. The concentration of metals and other elements in mosses may depend on morphological features [6] , wind direction, topography, altitude, latitude, and time of exposure. Additionally, topsoil analysis has been widely used to evaluate
Material and Methods

Sampling.
First of all, the sampling sites were carefully inspected to determine the moss species present at each site (7 different moss species were identified). However, not all were found in all the sites investigated due to the characteristics of each area. Consequently, the main two dominant species of epiphytic mosses were Fabronia ciliaris (Brid.) and Leskea angustata (Tayl.); these were collected in two sampling campaigns from the urban region (UR), transitional region (TR), and the protected natural area (PA). The first sampling was performed in November 2010 (dry season, autumn) and the second in August 2011 (rainy season, summer); each of the sampling sites was selected after considering the prevailing winds, the proximity of the site compared to areas with higher population density, vehicular traffic, industrial activity, and the availability of mosses.
Ten grams of epiphytic mosses was collected from six to ten trees in a height greater than one meter. Moss samples were removed from the tree using a plastic spatula and placed in polythene bags for transport to the laboratory. During sampling, observations of habitat type and relative density of moss carpets were performed.
For the first sampling, seven sampling points were located in parks in urban regions (UR) (sites 1-7 were identified as Negrete, Alameda, Reforma, Hípico, Pilita, Santín, and Tollocán), two sampling points (sites 8 and 11, identified as Lomas and San Miguel) were located in transition regions (TR), and three sampling sites were located within natural areas (PA) (sites 13, 15, and 16, identified as San Antonio, Cacalomacán, and Ciervita) (Figure 1 ). For the second sampling, four sampling points were added to expand the monitored area: three were situated in transition regions (TR) (sites 9, 10, and 12, identified as Acazulco, Pedregal, and Ameyalco) and one was situated in a natural area (PA) (site 14, identified as San Diego). The topsoil samples were collected from the same locations according to previously published methodology [10] .
Sample Preparation.
In the laboratory the mosses were placed in trays and dried at room temperature via exposure to sunlight for 5 to 8 days. Then, the samples were ground with an agate mortar and pestle to obtain a particle size of 0.85 mm, and the product was stored in labeled polyethylene bottles (high density). The collected topsoil samples were cleaned from extraneous plant materials and dried at ambient room temperature, sorted to remove gravel, and then homogenized and passed through a stainless-steel sieve of 0.075 mm aperture. The resultant samples were stored in polyethylene bottles (high density).
Chemical Composition.
The INAA was carried out at the Department of Reactor, Neutron Activation Analysis Laboratory, National Institute of Nuclear Research in Mexico (ININ). INAA was conducted using the standard method of analytical procedures and employed, described in detail by Travesi, 1975 [11] .
To provide quality control, contents of elements yielding short-and long-lived isotopes were determined using certified standard reference materials (SRM). For analysis of the moss samples, standards were used: Lichen-336 from IAEA (International Atomic Energy Agency), Citrus Leaves SRM-1572 from the US NIST (National Institute of Standards and Technology), and the SRM for topsoil Soil-7 from IAEA and SRM-2711 Montana II Soil from US NIST for the measured elements; those reference materials were analyzed in triplicate along with the survey of moss and topsoil samples. The results for the SRM were within 90-105% of certified values; 40 mg of moss, topsoil, and control was added to quartz ampoules of 9 mm in diameter and 6 cm of length. SRM and samples were irradiated at the TRIGA-MARK III nuclear research reactor at the ININ in Mexico, using a neutron flux density of 0.9 × 10 13 n cm −2 s −1 for 20 hours in a SIFCA position. After irradiation, the samples were repacked and measured after 6 days for 30 minutes to determine 76 Cs. The gamma spectra of the samples were measured with a gamma spectrometer with a HPGe detector at a resolution (FWHM) of 1.9 keV and for the peak at 1332 keV corresponding to 60 Co. A multichannel analyzer, the 8192 ORTEC, operated with a peak determination program which was used for analysis. Data processing was performed using the software developed in ININ and Hypermet-PC. The element contents were determined on the basis of SRM and flux comparators [12, 13] .
Statistical Analysis.
The correlations between the sampling sites and metal concentration (for Hg, Se, Cr, and As) in mosses and topsoils were determined via statistical analysis with the Statistics 7.0 informatic program [14] , using principal component analysis (PCA) with the cluster option (CA).
Results and Discussion
Chemical Composition Analysis in Moss Samples.
The results obtained for the first sampling are summarized in Table 1 , where it is observed that the presence of As, Cr, Hg, and Se was due to the sensitivity of the analysis technique used. Other elements such as Co, Cs, Sc, Sb, Rb, Ce, La, Eu, and Yb were also detected. It is important to consider that some of these elements can be present in the plant's tissues as a component of irregularly shaped particles adsorbed to the plant surface. The results obtained indicate the relative concentrations as Co > Cr > Rb > Ce > La > Sc > As > Sb > Se > Cs > Yb > Hg > Eu. The sites with the highest elemental concentrations are located in UR and TR and they do not demonstrate a trend. This behavior can perhaps be attributed to the geographical site location (topography) and characteristics of each sampling site. The presence of some elements in the samples may be due to natural, local, or secondary sources.
The highest concentrations of As were found in Reforma and Tollocán located in the center of MAVT corresponding to UR and San Antonio located in PA. Arsenic is widely distributed in soils, water, and air. It is a component of more than 100 different minerals. Their speciation of the element is a key factor in controlling mobility, availability, and toxicity in natural environments. Arsenic occurrence and mobilization take place through a combination of natural processes, for example, through water reactions, biological activity, and volcanic emissions. Anthropogenic activities account for widespread As contamination arising from a variety of industrial processes such as wood preservatives, paints, alloys, semiconductors, fossil fuel combustion, mine wastes, smelting, landfilling, sewerage, and agricultural applications (pesticides and fertilizer) which may also introduce As into the environment [15] .
The sites with the high concentrations of Cr are common in Alameda, Tollocán, Hípico, and Negrete, which are located Journal of Chemistry 5 in UR. These concentrations could be associated with emissions from local point sources [16] .
Samples from UR (Pilita, Reforma, and Tollocán) and PA (San Antonio) presented the most significant Hg contamination levels; this element is considered a typical anthropogenic pollutant. The most important anthropogenic sources of Hg are industrial, domestic coal combustion and waste incineration. Hg is known to form in a complex way with organic matter such as methylate and demonstrates higher volatility compared to other metals. These different chemical properties are at least partially responsible for the presence of Hg in airborne atmospheric particulate matter [17] . On the other hand, Hg-bearing rock formations may also contribute to enrichment of Hg in mosses [18] .
The samples with the highest concentrations of Se are of UR (Alameda, Negrete, and Pilita). All of these sampling points are located in the central region of the MAVT and are exposed to air currents and the influence of winds, which may enable movement of Se from the earth's crust. This element is a typical tracer for urban air pollution (motor vehicles, oil burning, coal combustion, waste incineration, and others) [2] .
The highest Co concentrations were observed in samples from Ciervita (PA), a volcanic zone, where igneous rocks contain a high concentration of this element abound. Analysis of the samples from the first collection demonstrated that the highest concentrations of Cs, Sb, and Sc were found in Negrete, Alameda, and Santín (UR), respectively.
Recently, Sb was reported to be the single most highly enriched element in urban dust. This element poses a significant risk to the environment and human health [19] . Its use is provided in the making of automobile brake pads, plastics, and flame retardants. At present, the brake pads in cars are thought to be the main source of atmospheric Sb, whereas other sources such as burning coal, metallurgy, and waste incineration contribute to the increase of the concentration.
The sites with the highest concentrations of Rb (Santín (UR), Pilita (UR), Negrete (UR), and San Miguel (TR)) and La were Santín (UR), Negrete (UR), and San Miguel (TR). For Ce, Eu, and Yb, Alameda (UR), Santín (UR), San Miguel (TR), Negrete (UR), Tollocán (UR), and Pilita (UR) present the highest concentrations. The presence of rare earth elements could be attributed to the local sedimentary rocks, when the relative concentrations are Ce > La > Sm [20] . In this study, only Ce and La were measured, but this trend is observed in the biomonitoring data, indicating that lanthanide contents in samples were entirely natural.
Also it was observed that, in general, the sites located in TR contained the lowest concentrations compared with values obtained in UR, an exception of Co that presented high concentrations in Ciervita (PA). With some variation in the concentrations measured, this observation is consistent with similar results reported by Zarazúa-Ortega et al., 2013 [21] , and Caballero-Segura et al., 2014 [22] , who found the highest chemical concentrations in sampled mosses located in UR regions. The elemental chemical concentration variation in the samples could be largely attributed to the combustion processes from different socioeconomic activities and the number of vehicles in use locally. Other factors such as altitude, wind direction, and the number of anthropogenic activities in each region can contribute to the higher observed concentrations in samples from UR and TR.
The factors affecting the accumulation of pollutants in mosses in the MAVT can be attributed to the change in wind direction and the altitude, because the first sampling was conducted in autumn (November); this region was subject to trade winds; these trade winds demonstrated a weak intensity and predominantly blew from south to north, with a slight clockwise curvature that prevented circulation, resulting in a change in their trajectory (Figure 1 ) [23] . The altitude and mountainous terrain of the MAVT can influence the accumulation of pollutants in specific regions. Recent studies by Gerdol et al., 2002 [24] , revealed that altitude is an important factor that influences the deposition of contaminants in mosses.
In the results of the second sampling, presented in Table 2 , it is observed that the relative order of pollutant accumulation was Cr > Rb > Ce > La > Co > Sc > Sb > Cs > Se > As > Eu > Hg > and Yb. It is shown that the highest concentrations are located in UR and TR regions.
A comparison of the results obtained from the first and second sampling events ( Figure 2 ) demonstrated that in general the analyzed samples from the first sampling event (Table 1) contained elemental concentrations greater than those measured in samples from the second sampling. The increase in concentration can be attributed to the effect of the rainy season and anthropogenic activities in the MAVT. If the summer season is rainy, it could increase elemental concentration due to a contribution of resuspended topsoil particles.
The presence of polluting particles in the atmosphere can contribute substantial at the increased levels of trace elements in samples. The absorption and storage capacity of metal pollutants in the moss depend on the physicochemical properties and sorption capacity of the cell walls [25] . This second sampling was realized in summer (August); the mosses were exposed to different climatic conditions because during the period from May to October this region is characterized by the presence of rain and drastic temperature changes. Many elements may be partially released during precipitation in a solution, and prolonged precipitation may enable absorption of metals through the surface of the moss via active and passive processes. The rain may also have excessively washed the mosses and prevented the retention of pollutants in the moss structure [26] . In this case, it is possible that the increases of concentrations observed showed a flushing or leaching effect that resulted in decreased concentrations of contaminants in the moss structure [27] .
Topsoil Analysis.
The results of the elemental concentration in topsoils samples are presented in Table 3 . The relative order of concentrations is for the four heavy metals in the topsoil samples, being Cr > As > Hg > and Se, which demonstrated a different relationship when compared with results from the analysis of the mosses. Se concentrations were also significantly ( < 0.05) higher in topsoils than in mosses (Figure 2) . The relative concentrations for the other elements were Ce > Rb > Co > Sc > La > Sb > Cs > Eu > Journal of Chemistry 7 Results of the soils analyses demonstrated that the highest average metal concentrations were registered in the total metal fraction. This result was expected by taking into account that this fraction includes elements of the organic fraction. The greatest differences were in levels of elements such as Cr, Hg, Co, Sc, Rb, Ce, and La. The measured concentrations demonstrated that the Ce concentration was greater than the La concentration, which may indicate that the presence of lanthanides and other elements in the topsoil samples was of natural origin [6] . The highest average As, Cr, Hg, and Se concentrations were found in samples from Negrete (for As), Santín (for Cr), and San Diego (for Hg and Se). The greatest differences between the results obtained for topsoils versus the mosses were observed in the concentrations of Cr, Cs, Co, Sc, Rb, Ce, Eu, La, and Yb. The elemental concentrations are variable by site (see Figure 2) . The deposition of several of these elements could be attributed to anthropogenic activities, but some of the elements are found in the naturally occurring mineral matrix in topsoil samples. When the mosses in a predetermined area accumulate elements from the atmosphere, the soil in the area also acts as a receptor for these elements. This result was expected, as the measured samples included an organic fraction that was formed during the degradation and decomposition of plant tissues, and the elements contained in the plants pass into the topsoil. The deposition of contaminating particulates may have been increased by wind action, which enabled the transport and dispersion of pollution particles. The influence of other factors such as topsoil type, the presence of sedimentary rocks, the availability of nutrients and trace elements, geographical factors, altitude, topography, and wind direction (depending on the season) affected the concentrations of pollutants measured in the topsoil samples.
Unlike the pollutant concentration results obtained from mosses, it was shown that regions PA, TR, and UR do not follow a trend in pollution levels. In topsoils the highest concentrations of a large number of elements were obtained in samples from three areas (Figure 3) . However, Cacalomacán and Ciervita, sites located in PA, showed lower levels of pollution in topsoil samples.
Statistical Analysis of As, Cr, Hg, and Se in Moss and
Topsoil Samples. To define some possible correlations between the element content and pollution severity, PCA and CA were applied, based on the data of the average concentration values for As, Cr, Hg, and Se in the mosses from both of the sampling events (Tables 1 and 2) .
For the first sampling (autumn) results data set 88.36%, the total variation of element variables is explained by two principal factors. Factor 1 (58%) could be related to elemental concentration and factor 2 (30.36%) related to industrial, natural source, and other life activities.
For PCA the results of the first sampling (autumn) showed that the sites (Figures 3(a), 3(c) , and 3(e)) were segregated into three regions according to the degree of pollution: A (Reforma and Tollocán (UR)), B (Ciervita and Cacalomacán (PA) and Lomas (TR)), and C (Santín, Hípico, Negrete, and Alameda (UR)). Region A contained sites with a greater accumulation of As, Cr, Hg, and Se because they were more exposed to pollution sources, which increases their accumulation in mosses. The sites with the lowest pollution levels for the group of variables analyzed were located in Region B. The sites grouped in Region C had similar pollutions levels that may have been influenced by similar pollution sources and their close proximity within the MAVT. San Antonio (PA) and Pilita (UR) were not included in any of the regions, indicating that these sites demonstrated distinct environmental characteristics uncommon to groups A (UR), B (PA, TR), and C (UR).
CA was applied to the data set as described above using Euclidian distances. The results are displayed as a dendrogram analysis (Figures 3(b), 3(d), and 3(f) ). Three clusters were evident after analysis: cluster 1 (Tollocán and Reforma (UR)), cluster 2 (Ciervita and Cacalomacán (PA) and Lomas (TR)), and cluster 3 (Santín, Alameda, Hípico, and Negrete (UR)). Observations for Pilita (UR) and San Antonio (PA) were not integrated to form a cluster, which could be indicators that the sites expressed distinct environmental characteristics in comparison with the others. The results of CA confirmed the results obtained with PCA.
The PCA results obtained in the second sampling (summer) (Figure 3(c) ) showed three distinct regions: A (San Diego (PA) and Pedregal (TR)), B (Cacalomacán and Ciervita (PA)), and C (San Miguel (TR), Negrete, Tollocán, and Pilita (UR), San Antonio (PA), and Alameda, Santín, and Reforma (UR)). Ameyalco and Lomas (TR) were not grouped. The graphical distances between all of the sampling points are very small, indicating the presence of similar concentration values among the sites. The cluster classification of the concentration results obtained in the second sampling is presented in Figure 3(d) ; three clusters were formed: (1) (Ciervita and Cacalomacán (PA)), (2) (San Diego (PA) and Pedregal (TR)), and (3) (Tollocán, Reforma, Pilita, Santín, Alameda, and Negrete (UR), San Antonio (PA), and San Miguel (TR)). Ameyalco and Lomas (TR) were not included in the clusters, and this indicates that the concentrations at these sites were not similar to the other sites and confirmed the results obtained with PCA.
For the second sampling results data set (summer), 90.96% of total variation of element variables is explained by two principal factors. Factor 1 (73.96%) could be related to element concentration and factor 2 (17.00%) related to industrial, natural source, and other life activities.
The PCA of the topsoil sample measurements (Figure 3(e) ) resulted in three regions: (a) (Pedregal (TR) and Alameda (UR)), (b) (Ciervita and Cacalomacán (PA)), and (c) (San Antonio (PA) and Ameyalco, San Miguel, and Acazulco (TR)). Samples derived from San Diego (PA), Tollocán, Pilita Negrete, and Santín (UR), and Lomas and Reforma (TR) demonstrated a distant relationship to the other three regions with PCA, indicating that these sites have different environmental characteristics and exposure sources.
The CA from the topsoil samples was ambiguous because there was no clear relationship between the different sampling sites. Each site exhibited different characteristics, and it can be assumed that the topsoil type at each site significantly influenced the composition of the samples. The dendrogram presented in Figure 3 (f) illustrates the formation of three clusters: (1) (San Miguel and Ameyalco (TR), San Antonio (PA), and Acazulco (TR)), (2) (Ciervita and Cacalomacán (PA)), and (3) (Alameda (UR) and Pedregal (TR)). Sites within each cluster are likely subjected to similar environmental conditions. Sample results from Reforma, Pilita, Negrete, and Santín (UR), San Diego (PA), and Lomas (TR) were not included in any of the clusters, indicating significant environmental differences between these sites and those in the 3 clusters. This confirmed the results obtained with PCA.
For the topsoil sampling results data set, 70.58% of the total variation of element variables is explained by two principal factors. Factor 1 (46.24%) could be related to element concentration and factor 2 (24.34%) related to industrial, natural source, and other life activities.
Conclusion
Although mosses have a relatively long history of use as biomonitors, research on the uptake and localization of elements and on their sources has recently often been neglected. In this study, we evaluated the utility of mosses as biomonitoring tools to determine the elemental pollution levels in the air of MAVT as measured by INAA. The present result and literature data show that in remote and barren areas the elemental composition of unwashed moss is affected by entrapped crustal materials. The highest pollution levels were found in samples from Tollocán, Alameda, Reforma, and Santín (UR) and San Miguel (TR), which are all located in urban regions. The presence of high pollution levels in samples can be attributed to proximity of industrial areas that include a large number of vehicles, wind dynamics, and anthropogenic activities that contribute to the degradation of air quality. Samples from the site located at Cacalomacán (PA) contained the lowest levels of contamination; this is possibly because these regions are located far from industrial corridors with traffic flow and have limited public transport and low population density. This pattern of pollution could not be discerned with precision using the topsoil samples, as the highest concentrations of a large number of elements were distributed in these three areas. The results showed that studied moss species have a capacity to capture and/or incorporate elements present in the atmosphere at trace concentrations, making them a useful tool for use in environmental biomonitoring to assess air quality.
